Background: The human homologue of the mouse double minute 2 (MDM2) gene is a negative regulator of Tp53. MDM2-309T>G a functional promoter polymorphism was found to be associated with overexpression thereby attenuation of Tp53 stress response and increased cancer susceptibility. We have planned to evaluate the possible role of MDM2-309T>G polymorphism with risk and response to chemotherapy in AML. Materials and Methods: A total of 223 de novo AML cases and 304 age and sex matched healthy controls were genotyped for the MDM2-309T>G polymorphism through the tetra-primer amplification refractory mutation system (ARMS)-PCR method. In order to assess the functional relationship of -309T>G SNP with MDM2 expression level, we quantified MDM2 mRNA in 30 primary AML blood samples through quantitative RT-PCR. Both the (-309T>G) genotypes and the MDM2 expression were correlated with disease free survival (DFS) rates among patients who have achieved complete remission (CR) after first induction chemotherapy. Results: MDM2-309T>G polymorphism was significantly associated with AML development (p<0.0001). The presence of either GG genotype or G allele at MDM2-309 confered 1.79 (95% CI: 1.12-2.86; p<0.001) and 1.46 fold (95%CI: 1.14-1.86; p= 0.003) increased AML risk. Survival analysis revealed that CR+ve cases with GG genotype had significantly increased DFS rates (16months, p=0.05) compared to CR+ve TT (11 months) and TG (9 months) genotype groups. Further, MDM2 expression was also found to be significantly elevated in GG genotype patients (p=0.0039) and among CR+ve cases (p=0.0036). Conclusions: The MDM2-309T>G polymorphism might be involved in AML development and also serve as a good prognostic indicator.
Introduction
Acute myeloid leukemia (AML), a hematological malignancy, results due to failure of cell surveillance mechanism in eliminating mutant hematopoietic stem cells which undergo leukemic transformation with uncontrolled propagation. The variations in genes controlling cell surveillance mechanisms can influence or impair the constitutive capacity of the host cells in dealing with DNA lesions which potentially increases individual susceptibility to AML development. In general, the fate of mutated cells is decided by crucial protein Tp53, that selectively guides them either for repair and survival, or apoptosis (cell suicide programme) based on the extent of DNA damage. Many types of cancers had exhibited inactivation or attenuation of p53 gene expression either due to mutations or abnormal expression of p53 regulators, such as MDM2, the human homologue of the mouse double minute 2 (Michael and Oren., 2002) an oncogene that negatively regulates TP53 (Boyd et al., 200) . Transcription of MDM2 is activated by TP53 which inturn leads to the degradation of TP53. A normal interaction between the two proteins allows TP53 to be maintained at low levels in normally dividing cells. Frequent inactivation of TP53 signaling through MDM2 over expression might lead to escape of malignant cells from apoptosis and progress into leukemia. Human MDM2 gene is located on chromosome 12q14.3-q15 (Oliner et al., 1992) and comprises of 12 exons with two distinct transcriptional promoter elements P1 and P2 (Barak et al., 1994; Zauberman et al., 1995) . The P1 promoter controls basal expression of MDM2, and is situated upstream in first exon of the MDM2 gene. The P2 promoter, located in the first intron is highly regulated and responsible for inducible expression of MDM2 (Montes de Oca Luna et al., 1996) . The p53 response elements are located upstream of the P2 promoter, and hence the p53-inducible expression of MDM2 can be monitored by expression levels of this specific transcript. There is also evidence that these two transcripts may differ in their propensity for alternative splicing as well as in their translatability (Brown et al., 1999; Cheng et al., 2007) . A promoter polymorphism at -309(T>G) position in MDM2 gene involving the substitution of T nucleotide by G results in increased affinity for transcription factor Sp1 and subsequent overexpression of MDM2 mRNA and MDM2 protein, thereby leading to attenuation of the p53 stress response (Bond et al., 2004) . Since this polymorphism was studied exclusively as a potential risk factor in the development and progression of different cancers among various ethnic groups (Ellis et al., 2008; Phillips et al., 2010; Ebid et al 2012 ) , our study was aimed to investigate the association of MDM2-309T>G promoter polymorphism with the development and treatment outcome of AML patients from Southern India and also the functional relationship of this SNP with MDM2 expression level.
Materials and Methods

Study subjects
The present study includes 223 de novo AML cases recruited from Nizams Institute of Medical Sciences (NIMS), Hyderabad and Mehdi Nawaj Jung (MNJ) hospital and Cancer Regional Center, Hyderabad, India between 2006 and 2011. Clinical data including age at onset, Hemoglobin (Hb) %, white blood cell (WBC) count, platelet count, bone marrow blast% at diagnosis was collected. The information on complete remission rate (CR) and duration of disease free survival (DFS) time was collected after followup with the help of a Medical oncologist. For case-control comparison, 304 age and sex matched healthy controls from local population were randomly selected. All the controls who accepted to participate in the study had undergone a systematic interview to evaluate personal and family history of any type of cancers. Those who had a positive family history of cancers were excluded from the study. All AML patients and controls had provided written informed consent for testing on DNA samples. In case of minor subjects (<18yrs) informed consent was signed by the parents or guardians. The Institutional ethical committees of Nizams Institute of Medical Sciences (NIMS), Hyderabad and Mehdi Nawaj Jung (MNJ) hospital and Cancer Regional Center, Hyderabad and Osmania University, Hyderabad, India had approved the present study. Moreover, a personal interview was conducted using a structured questionnaire to collect information on epidemiological variables (age, gender, occupation, habits and habitats, etc.) for all the participants. In addition, each participant had provided 5ml of peripheral blood sample in ethylene diamine tetra acetic acid (EDTA) vaccutainer which was stored at −20°C freezer until use.
MDM2 Genotyping
Genomic DNA was extracted from peripheral blood samples using a conventional DNA isolation protocol by Lahiri (Lahiri and Nurnberger 1991) . The purity and quantity of the extracted DNA was checked by NanoDrop (TM) 1000 UV/VIS Spectrophotometer (Thermo Fisher Scientific, Waltham, USA) and normalized to 50ng/µL as a final concentration. The genotypes of the MDM2-309T>G (rs2279744) polymorphism was determined by a tetra-primer amplification refractory mutation system (ARMS)-PCR method which uses two primer sets as described previously (Xiao et al., 2010) . To cross validate, about 15% of the samples were randomly selected and regenotyped by a laboratory personnel who was unaware of the clinical status of the subjects and found to be in 100% concordance.
MDM2 mRNA real time assay
In order to evaluate the effect of MDM2 -309T>G polymorphism on MDM2 expression in AML cases, we have quantified MDM2 mRNA level in 30 primary AML blood samples through Quantitative RT-PCR. We have used Taqman chemistry on an ABI Step One Real Time PCR machine (Applied Biosystems). The peripheral blood samples from 30AML patients were used for total RNA isolation using TRIzol reagent (life technologies, Carlsbad, USA, CA92008) and converted into cDNA using high capacity cDNA reverse transcription kit (Applied Biosystem, Foster City, CA94404). β-actin was used as an endogenous reference gene (Hs99999903_m1) for relative quantification of MDM2 mRNA expression (Hs00242813_m1) which was carried out in triplicates.
Statistical analysis
We have used SNPSTAT online tool to determine significant differences in genotype frequencies between cases and controls and to calculate Chisquare and Odds ratios. SPSS software, version 20.0 was used to calculate mean and standard deviations as well as Kaplan-Meier curves from data on survival analysis to evaluate association of genotypes with Disease free survival (DFS). Disease free survival (DFS) was defined as the time from the date of attaining the leukemia free-state or CR after primary induction treatment to the date of acute leukemia relapse or death from any cause, whichever occurs first. Survival analysis was performed only in complete remission (CR) cases, where relapse (or) death was censored as event. Differences in DFS rate between groups were compared through log rank test. Graphpad prims 5.0 software was used to construct dot graphs and ANOVA was performed to check the difference between the mRNA expression levels among different groups. A p-value of ≤0.05 (two-sided test) was considered to be statistically significant.
Results
Clinical characteristics
The baseline clinical characteristics of 223 AML patients comprises of 118 males (52.9%) and 105 females (47.1%), whose mean age at diagnosis was found to be 30.90± 14.28years (range, 4-75years DOI:http://dx.doi.org/10.7314/APJCP.2015 .16.7.2707 in the Development of Acute Myeloid Leukemia only for 168 patients, of which 100 cases were found to be CR +ve (59.52%) and 68 CR-ve (40.48%). The mean disease free survival (DFS) was found to be 10.15±15.11 months (0-91months). Based on FAB classification the M2 subtype (n=93 (41.70%) was found to be the most frequent compared to other subtypes.
MDM2-309T>G Genotyping
The genotype and allele frequencies of MDM2-309T>G polymorphism and their odds ratios (Unadjusted and adjusted Odds ratios) under different inherent models with χ 2 p values were represented in Table 2 . MDM2 -309T>G genotype distribution was found to be significantly deviated from Hardy Weinberg equilibrium in AML cases (HWE p<0.001) but not in controls (HWE p>0.05). The GG genotype and G allele frequencies were significantly elevated in AML (p=<0.0001) cases compared to controls under codominant model. Further analysis under various genetic models had revealed that presence of MDM2 -309GG genotype increases the risk for AML by two folds (Adjusted OR=2.18; 95%CI=1.50-3.16; p=0.0001) under recessive model of inheritance and this association was also found to be similar even after controlling covariates (age and sex) effects. However, -309TG genotype was associated with reduced risk of AML (Adjusted OR=0.52; 95%CI= 0.36-0.74; p=0.00004) under overdominant model. Table 1 shows the genotype distribution with respect to baseline clinical characteristics among AML cases. None showed significant association with MDM2 -309T>G polymorphism in AML, although a borderline significance was observed for GG genotype with elevated LDH level (>200IU/L) (p=0.06) and complete remission rate (p=0.09). The mean DFS rates were significantly increased in patients with GG genotype (13.8±19.1 months; p=0.02) compared to TT and TG genotypes.
Survival analysis was performed only in patients who have achieved complete remission (CR) after first induction chemotherapy to evaluate the influence of genotypes on the DFS rate of the patients. The median DFS rates in months were represented in Table 3 . The survival analysis revealed that CR+ve patients with MDM2 -309GG genotype had shown increased median survival rate of 16 months as compared to TT (11months) and TG (9 months) genotypes. The log rank test was found to be significant (p=0.05) (Figure 1) .
Real-time analysis of MDM2 mRNA level in AML
To know the effect of MDM2-309T>G polymorphism on the MDM2 expression, we have performed real time PCR analysis in 30 denovo AML patients. MDM2 gene expression was compared with respect to genotypes of MDM2 -309T>G polymorphism. Patients with MDM2 -309GG genotype (n=15) (0.698±0.979, p=0.003) had shown significantly increased MDM2 mRNA level (Figure 2 ). Consequently, we have examined the association of MDM2 expression with CR rate of AML patients after first induction chemotherapy. Interestingly it was observed that MDM2 mRNA levels were significantly elevated in CR+ve cases (n=14) (0.587±0.984; p=0.0036) compared to CR-ve patients (n=5) (0.121±0.166) (Figure 3) . DOI:http://dx.doi.org/10.7314/APJCP.2015 .16.7.2707 
in the Development of Acute Myeloid Leukemia
Discussion
MDM2 is overexpressed in most of the cancers including leukemia (Rayburn et al., 2005) as it is a negative regulator of tumor suppressor p53, the guardian of the genome. We have studied a promoter polymorphism in MDM2 (-309T>G) to determine the association with AML development and progression as well as to evaluate the functional relationship of this SNP with MDM2 expression levels in AML. The present study had shown a significant association of MDM2 -309T>G polymorphism with AML development. The -309G allele carriers were found to have 1.46 folds of risk of AML compared to T allele carriers. Further, our study did not show significant association of MDM2-309T>G polymorphism with epidemiological variables (age at onset, gender) and clinical parameters like WBC count, platelet count, hemoglobin level, peripheral blast% in AML. These findings were in accordance with previous studies by Xiong et al (2009) and Phillips et al (2010) who had also reported a significant association of GG genotype with AML development in adults (OR=3.52; p=0.000) and children (OR=1.5; p=0.049) respectively, but not with any clinical parameters. A meta-analysis study conducted on 66 case control studies with respect to MDM2 -309T>G polymorphism had provided evidence that the presence of homozygote -309GG and heterozygote -309TG were significantly associated with increased risk for all tumors which was more evident in Asian and European populations . Moreover, our results are in concordance with a meta-analysis conducted exclusively in leukemia which demonstrated association of MDM2 -309T>G polymorphism especially with Asian population (Yan et al., 2014) . Further, our study had revealed that CR+ve cases with MDM2 -309GG genotype had significantly elevated DFS rates compared to CR+ve TT and TG genotype groups.
Real time PCR analysis indicated a significantly increased MDM2 expression in GG genotype carriers compared to TT and TG genotype. Our results are in accordance with Hong et al (2005) and Xiao et al (2010) , where MDM2 -309GG genotype carriers were found to be associated with significantly elevated MDM2 mRNA level in Esophageal Squamous Cell Carcinoma (ESCC) and nasopharyngeal carcinoma (NPC) compared to other genotypes. Our results suggest that GG genotype with increased expression of MDM2 might lead to inhibition of TP53 function increasing the risk to leukemiogenesis. Further, MDM2 levels were also elevated in CR+ve cases. Thus, it can be concluded that presence of GG genotype at promoter region (MDM2 -309T>G) might increase MDM2 gene expression, thereby inhibiting the p53 stress response resulting in leukemic cell transformation. The association of GG genotype and elevated MDM2 expression with increased DFS and complete remission rates suggest that the overexpression of MDM2 may lead to cell vulnerability to chemotherapy in absence of regulation of cellular machinery due to Tp53 degradation. Similarly, a study on primary gastric cancer patients from Chinese population have reported that high MDM2 expression in tumor tissue had significantly elevated survival rates who are on adjuvant FLO chemotherapy (Ye et al., 2013) .
In summary, our results suggest that MDM2 overexpression among GG carriers might increase risk to AML development. Increased MDM2 mRNA expression level at diagnosis might elevate CR rate after first induction therapy among AML patients.
